8 



PATENT SPECIFICATION 

(21) Application No. 1 1959/78 (22) Filed 28 March 1978 

01) Convention Application No. 52/036711 

02) Filed 31 March » >77 
Ol) Convention Applicaiion No. 52/0399 10U 

(32) Filed 31 March 1977 in 

(33) Japan (JP) 

(44) Complete Specification published 8 May 1980 

(51) INT CL* F16L 11/12 

(52) Index at acceptance 

F2P »A27 IB7 

t<*\ IMPROVEMENTS IN AND RELATING TO 
( * TUBULAR FLEXIBLE INSTRUMENTS 



> 1 567 122 




10 



!5 



20 



25 



30 



35 



40 



45 



(71) We, W. L. GORE & ASSOCIATES, 
INC, a Corporation organised and existing 
under the U« of the Sure o Ddi^ 
United States of America, of j55, Wpcr 
Mill Road, Newark, Delaware, 19711, United 
States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be mated to us, and the method by which 
it is to be perfonwd, to be particularly des- 
cribed in and by the following ^enjent;-. 

This invention relates to tubular flexible 
instruments for insertion into a body <OTty. 

In many surgical or diagnostic procedures 
it is necessary that a tubular instrument be 
«lsced within e body cavity. This instrument 
Accomplishes a variety of purposes includ- 
ing the injection of fluids into the body or 
the withdrawal of fluids therefrom. Common 
examples cf these types c£ inssuments are 
catheters and infusion cannula tubes. 

Catheter tubes in operation are inserted 
in the tortuous conduits of the body vessels 
(e.g. blood vessels) for several deca centi- 
meters. The catheter tubing, therefore, is 
required to tuve the appropriate degree of 
stiffness to ensure a smooth insertion com* 
ttned with the necessary flexibility to 
its advance along the tortuous vessels without 
impairing the walls. Other important require- 
stents for catheter tubes include dimensional 
stability, chemical and biological uwrness 
and surface smoothness. These requirements 
apply equally to blood vessel catheters* urethra 
catheters and infusion cannula tubes. 
Conventional tubular medical instruments 

for these P^^^J^^J^^ 
plastics such as polyethylene or *V^ffl 
vendonal Infusion cannula tubing is «*wtl2 
or 13 cm in length and has «^tade *a- 
mettr (O.D.) of about 1.5 mm wiimmndc 
diameter (I.D.) of about 0.8 mm. These tubes 
are fitted at one end with an ^pttf±rou#i 
-hich z liquid =cdid= may *~ 
or a liquid extracted from, the body cavity 
via thTtube. A metal pijonj ncedfc * m- 
icrted through the tube, d* i^rpup old* 
oeerfle projecting beyond the tube. This needle 



with the tubing thereon is then thrust through 
the skin into a blood vessel and both pushed 
forward until they reach the appropriate 
position. The needle is then withdrawn, leav- 
ing the infusion cannula and attached adapter 
in position. The adapter is closed with a plug. 
When an injection of medicine into, or an 
extraction of Wood from the patient is desired, 
the plug is removed and the adapter is con- 
nected to a syringe or suction device. 

In order to prevent the infusion cannula 
tubing from slipping out, the exposed posi- 
tion must be affixed to the patient by some 
attaching means, commonly sutures or adhesive 
rape, In thi< fisecLitate, the conventional in- 
fusion cannula r^fc, being rather rigid, will 
cause pain and oVmfort should the patient 
move the area of the b^dy in which the tub- 
ing is lodged. This problem is particularly 
acute stt^ the inserron is usually made in 
a lea, arm, or thigh, thus, greatly restrict- 
ing the movement of thai limb. 

According to the present invention there 
is provided a tubular flexible instrument for 
insertion into a body cavity comprising * 
sintered polytetrsfluocoethylcne tube com- 
rtmin* trSiA and oorous wall portions, said 
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Drisinff solid and oorous wall portions, said 
solid "and porous "portions alternating along 
the length of said tube. 

The invention will now be particularly des- 
cribed by way of example with reference to 
the accompanying drawings in which: — 

Figs. I to 3 are dlij?s=rruitic representa- 
tions of catheter tubing in accordance with the 
invention; k . . 

Figs. 4 to 6 show infusion cannula tubing 
according to the invention; . 
Fig. 7 shows a oecdle used for inserting the 

tube into the body cavity, and . . 

Fig. 8 shows the infusion cannula in posi- 
es shown in Fig. 1. the PTFE aAeter 
«ibe of the prssec? embodiment !• fabricated 
n ihft S wall of the tube has solid nng 
portions 10 and porous textured ring por nons 
12 wt£h are twanged alternately. T*c lengths 
of the solid ri% portions 10 and porous nng 
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portions 12 c*o be viried according to need. 
FoTexample, in a catheter tube measuring 2 5 
mm a d7 3d 1.5 aim I.D., sobd portion 10 
55uld be Sout S mm in ^ «f d P"™» 
fitted portion 12 would be about 15 mm 

shows mother embodiment of this 
invention. Ill this embodiment, sobd wall 
£££aTl0 and porous porticos 12 altero*e 
ST^rd fashion. The width and pitch of 
Xe spW on be varied according to the 

^ ^.Tnher embodiment of this 
invention in which the top pprooo 28 (thepor 
dorTentering the body cavity first) a porous 
S3 dosed at the end 30 In this maonc£ 
rases from the blood or body fluids on be 
SSni? without the blood or body fluid 
^nSSing the fine pores mm the intern* 

^fa^^eSodiment of the invention shown 
;. c|. i the use as an infusion cannula is 
Solf The Up or top 14 ol the tube* a 
toiid will portion as is the end 15 which is 
attached tod* adapter 18. These. porngts 
14 and 15 are rather stiff and inflexible. 
Sandwiched between the two solid portions 14 
•Ad 15 is a porous fibrilhted portion 16 that is 

flC j^ le ofle end of the cannula tubing 13 is 
fined an adapter 18 to give a c^P*k 
fuSo c«»nuli. The adapter 18 
to the solid wall portion 15 of the tube 13 
by an attaching means herem shown as a 
metal fastener 20. . . 

Firs. 5 and 6 show Infusion cannula rubmg 
m which there is a aeries of solid wall por- 
tions 14 and porous fibnllatsd pcroocs 16 
aternauog as rings in Fig. 5 and as a spiral 

m -ft* isfusion cannula tubing embodiment of 
die present invention can be used aspte- 
^uiy described for conventional cannula 



2> Dimensional stability and/or freedom 
from kinking under small bend radius due to 
the presence of the solid portion ; 

3) As a result of the tubing bemg pure 
PTFE, both the inner and outer surfaces are 
extremely smooth. This results in easier 
movement of the rube into and out ofjthe 
body vessels and prevents adherence of foreign 
matter m either surface; . . 

4) The excellent beat ind chemical resistance 
of PTFE permit the use of high tempera- 
tures and/or strong chemicals for sieiQixauon; 

5) Efficient extraction of blood or botry 
fluid gases can be achieved through die finely 
Lorouf o> 28 of the en*odiment of the in- 
vention shown in Fig. 3 ; and 

6) Ejert "on of a liquid medicine, which has 
a low surface tension, can be achieved by the 
embodiment in Fig. 3. v^j. 

The foOowing example* describe methods 
of preparing above described embodiments 
of the present invention. The stretching step 
i, preferably done according to the Kadungs 
of US. Patent 3,953,566 herein incorporated 
by reference. It is, however, anocipated that 
stretching rates lower than 107, may be used- 
The fibrilhted porous portion refers to a 
nuoostructure comprising a series of nod« 
interconnected by 6bnls. When M^T 
PTFE structure is raised above its crystalline 
*ek point, unrestrained, it wdl coUapse on 
S Kra a solid structure. The ^P 1 " 
bdow are meant to illustrate but not limit the 
scope of the present invention. 
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45 F*T 8 shows tubing. 13 * """Tj 

piexcas of the skin into Ae ^tood vessel 
L^wUd due to the rigidity of the aobd 
— 14 The middle wall portion 16 
^iJS^ 4 ^te^5r« a result, after 
50 dJ*£2g » « fix^P^- ^ {aach- 

pSnt permitting a 8^*2^1,?^ 
gTlrt5I» bending at the flexible wall por- 

JS ^tiTSn «dtag < • 

bedded dp 14 up agamst ^V?* 

65 and fkrmte porous portion; 
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Example I 

I) Following the convenriooal paste extru- 
sion technique; a PTFE finepo^. 
able under the Teflon registered i trademark 
from E. I. DuPont de Nernours, Co., Inc. or 
thTFluoo registered njdematk ^.^JT^ 105 
Chemical Industries, Ltd. « mixedwuha 
liquid lubricant such as white ofl-The p«* 
* orefonned and then » B ~»^j!* 0 X 

aja&» , a2^£ no 

^d^ '^i^-r^hcTt ,15 
SS^raSn. Thl?step, though preferable, is 

^jvSf Gibing is then placed on a soW 



to "Seng* by wrapping with metal foil with 
rhcrebecween. The 



. . K tube on the rod is 

E'pWwSTu S'SrUiae^m- 
dectt£ffhea«d oven or a «^*JJ£ 

b^lSeSd^nd shrink lengthwise to 
f0 ^T^tSrSulari»g foil is removed, the 
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wbok tube still on the metal rod U heated 
to around 250 c — 260°C and expanded to form 
unsinteied porous portions between sintered 
tolad portions. , 
5 5) The resulting tubing- is then restrained by 
damping the ends on the rod ani placed in a 
constant tempera dure oven and raised to a 
temperature above the crystalline melt point 
of PTFE to produce a catheter tube as shown 

10 in Fig. 1. „ 
Example IT 

The material from step 2 of Example I is 
expanded producing a completely porous rube. 
This tube is placed on a metal rod and then 
IS wrapped with intermittent metal foils with 
spaces therebetween and heated, unrestrained, 
shove the crystalline melt point of PTFE. The 
metal foil is removed, the tubing is then res- 
trained as in Example 1 and heated again 
20 above the crystalline melt point of PTFE. 
This is an alternate method of producing 
the tube shovm in Fig. I. 

Example Dl 
The porous tube from Example n t after 
placing on t metal rod, was spirally wrapped 
with a heat conductive tape and the upe raised, 
unrestrained, to a temperature above the 
crystalline melt point of PTTEproviding a 
spirally sintered solid portion. The resulting 
cube was restrained and heated atwe the 
crystalline melt point to produce a tube as 
shown in Fig. 2 with solid and porous portions 
in a spiral mode. 

In the above examples, the tip portion of 
the tubes can be rendered porous as described 
and then the open end closed by suturing or 
heat ynlfrg Abo, in order that the position 
of the catheter in the body can be followed, 
x-ray detectable fillers such as metal powder 
or BaSO« may be incorporated at paste for- 
mation state. 

Example IV 
The expanded porous rube made tceerdisg 
io Example II is cut to a length of about 
15—16 cm The tube is placed on a metal 
tody both ends are exposed and the center 
portion is enclosed in an insulator. The tube 
IT raised* unrestrained, to above the crystal- 
line melt point of PTFE. The end portions 
shrink back lengthwise to form a solid sintered 
portion, the middle portion remains porous. 
The center portion insulator is removed and 
the tube agai n raise d above the crystalline 
refr point of PTFE, this time restrained by 
clamping at the ends to prevent shrinkage. A 
cube as shown in Fig. 4 is suitable for use as 



an infusion cannula tubing, after the attach- 
ment of adapffiL i* produced. 
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Example V 

The porous center portion of tubing made 60 
as in Example IV is placed on a metal rod and 
wrapped with ring beaters with spaces between 
adjacent heaters. The beaters are raised 
above the crystalline melt point of PTFE, the 
tube being unrestrained lengthwise. Thus* the 65 
portions beneath the heaters are sintered and 
rendered solid by shrinkage. The heaters are 
then removed, the tube restrained by clamp- 
ing at the ends, and agai n rai sed above the 
crystalline melt point of PTFE- A tube, as 70 
shown in Fig. 5, is thereby produced. 

Example VI 
The porous center portion of tubing made 
as in Example IV is placed on a metal rod and 
spirally wr a pped with a heating tape and the 7 > 
tape raised to a temperature above the crystal- 
line melt point of PTFE, the rube being un- 
restrained lengthwise. The heater upe is 
removed, the rube restrained as before, and 
again, raised above the crystalline melt point SO 
of PTFE, A tube, as shown in Fig. 6, is 
thereby produced. 

While the invention herein has been dis- 
closed, using specific embodiments and 
examples, dy^ are intended to be illustrative 85 
only and is^Bknitative, and changes, modifi- 
cations or^Dvaknts can be used by those 
skilled in the art. Such changes within the 
principles of the invention are intended to 
be within the scope of the claims beiow. 90 

WHAT WE CLAIM IS: — 

1. A tubular flexible instrument for insertion 
into a body cavity comprising a sintered 
polytetrafluoroethylene tube comprising solid 
and porous wall portions* said solid and porous 95 
portions alternating along the length of said 

Tube. 

2. A tubular flexibk instmment according 
to Claim 1 in which said solid and porous 
wall portions alternate spirally along the 100 
length of said tube. 

3. A tubular flexible instrument according 
to Claim 1 in which a sifr*ic porous por- 
tion separates two said solid portions, 

4. A tubular flexible instrument according 105 
to any preceding claim in which the macro- 
structure of the or each said porous portion is 
* aeries of nodes connected by fibrils. 

5. A tubular flexible instrument according 
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b, my preceding claim in which the rip MATH! SEN, MACARA & CO., 

oorrioQ is porous. Chine red Patent Agents, 

6. A tubular flexible instrument substan- Lyoo House, Lyon Road, 

tufly as I aein described with reference to Harrow, Middlesex, HA1 2ET 

S any one of the embodiments QJustrtted in Agents for the Applicants 
the accompanying drivings- 
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